A popular evidence of the existence of Majorana bound states is a zero-bias quantized conductance peak which is robust to scattering by impurities, a consequence of its topological protection. In this work we examine the robustness of this zero-bias quantized conductance peak in a metal-topological superconductor junction in the vicinity of a spin flipper. Using BTK approach, we analytically calculate the differential charge conductance for metal-spin flipper-topological superconductor junctions with two distinct topological superconductors: (a) spin less p-wave superconductor and (b) spin-orbit-coupled s-wave superconducting wire in presence of a Zeeman field. We show that the zero-bias conductance peak remains quantized in presence of a spin flip scattering for metal-p-wave superconductor junction, while it loses its quantization when the p-wave superconductor is replaced by a spin orbit coupled superconducting wire.
Introduction: In recent years Majorana bound states [1, 2] (MBS) have been studied both theoretically and experimentally in many setups. Majorana zero modes are quasiparticle excitations within the superconductor at zero energy which are their own anti-particles. These Majorana zero modes can be observed at the boundary with a topological superconductor [2] . Possible signatures of MBS have been reportedly seen in nanowiresuperconductor hybrid device [3] [4] [5] , topological insulatorsuperconductor heterostructure [6] and atomic chains on a superconductor [7] . Further there have been reports of the generation of Majorana states at interfaces of normal metals and spin orbit coupled superconducting wire (SOCSW) [8] . Our main motivation in this work is to propose a reliable check on the existence of Majorana bound states at metal-topological superconductor interfaces. To show this we consider a spin flipper at a metaltopological superconductor interface, and see that the zero energy quantized conductance Majorana peak remains unchanged (robust) in presence of spin flip scattering for p-wave superconductor(pSc) but loses its quantization due to spin flip scattering in case of a SOCSW. Thus, the zero bias conductance does not take universal values when a spin flipper is placed at interface of a metal-SOCSW. This, begs the question do Majorana bound states really exist at metal-SOCSW interfaces?
The paper is organized as follows, we first present our model for spin-flip scattering at the interface with a pSc and then at the interface with a SOCSW by writing the Hamiltonian, wavefunctions and boundary conditions to determine the different scattering probabilities. Following this we discuss our results by comparing the zerobias conductance in metal-SOCSW junction with that in metal-pSc junction in presence of spin flip scattering.
Theory: In this work we contrast the Majorana states arising at metal-pSc interfaces with those arising at metal-SOCSW interfaces. The exact setting we will use is shown in Figs. 1,2 , it represents a spin flipper at x = 0 while at x = a a δ-like potential barrier separates normal metal from pSc or SOCSW. The regions I (x < 0) and II (0 < x < a) are metallic while x > a there is a pSc or SOCSW.
Spin flipper in the vicinity of Metal-pSc junction: Hamiltonian-We consider a one-dimensional normal metal (NM)-normal metal (NM)-pSc junction wherein a spin flipper is embedded between two metallic regions at x = 0. The interface at x = a (see Fig. 1 ) is modeled by a δ-like potential barrier (strength Z) and the problem is solved using the BTK [9] approach.The Hamiltonian for spin flip interaction, from Refs. [10] [11] [12] [13] [14] is
where J denotes the strength of exchange coupling between electron's spin s and spin S (of spin-flipper). S ± = S x ± iS y are the spin raising and lowering operators for spin flipper while s ± = s x ± is y are the spin raising and lowering operators for electron/hole with s k = 2 σ k 0 0 σ k , k = x, y, z, with σ k being the usual Paulli matrices. The Bogoliubov-de Gennes (BdG) Hamiltonians for normal metal (NM) and p-wave superconductor (pSc), from [8] are-
where µ N M and µ pSc are the respective chemical potentials, m * the mass of electron, ∆ pSc ≥ 0 is the pwave pairing potential, τ µ = σ µ ⊗ I, with I being 2 × 2 identity matrix and σ µ (µ = x, y, z) are the Paulli matrices. For simplicity, we consider = µ N M = 2m * = 1. The energy spectrum are then ε N M,± (k) = ±(k 2 − 1) and ε pSc,± (k) = ± (k 2 − µ pSc ) 2 + (∆ pSc k) 2 , respectively. In this work we only concentrate on the topological regime [8] , i.e., µ pSc > 0. For µ pSc > ∆ 2 pSc /2, the positive energy spectrum for pSc shows the characteristic "double-well" BCS structure with minimum values and a local maximum value 2 = µ pSc at k = 0, see also Wavefunctions-The wave functions for the different regions of our system as shown in Fig. 1 can be written for a spin-up electron incident at x = 0 interface as-
where η ± = 
The wave vector k ± in p-wave superconductor are solutions of the equation mentioned below-
The different solutions of Eq. 6 for various values of chemical potential µ pSc > 0 (topological regime) and energy E are mentioned in Table I .
Boundary conditions-The boundary conditions at x = 0 are-ψ 
The action of spin-flipper Hamiltonian s. S on the wavefunction ψ I N M via the boundary condition at x = 0 gives for spin up electron-
where F = (S − m )(S + m + 1) is the spin flip probability of spin flipper. Similarly, the action of exchange operator for spin down electron gives-
(8) Further, the action of exchange operator on spin up holes gives-
and finally the action of exchange operator on spin down holes gives-
Using the above equations and solving the boundary conditions we obtain 16 equations. From these 16 equations we can compute the different scattering probabilities:
Similarly, if we consider a spin down electron incident from metallic region I, we get the different scattering probabilities as follows-R flipper-normal metal (NM)-Insulator (I)-SOCSW junction as shown in Fig. 2 . As done before, we model the metal superconductor interface as a δ-like potential barrier with strength Z. Hamiltonian-Using the same convention as before, i.e., = 2m * = µ N M = 1, the BdG Hamiltonians for normal metal (NM) and spin orbit coupled superconducting wire (SOCSW) can be written as [8] -
with β being strength of spin orbit interaction, B Z is Zeeman field, and ∆ 0 ≥ 0-the proximity induced swave pairing potential. We also consider uniform electron masses throughout the system and fix chemical potential of the SOCSW and Zeeman interaction in the lead to be zero [8] . The positive branches of the energy spectrum [8] of SOCSW are given as ε SOCSW,
. We focus only on the topological regime B Z > ∆ 0 [8, 15] . In the limit of strong spin orbit interaction (SOC) (β B Z , ∆ 0 ), the energy spectrum of the SOCSW has two branches [8] -(i) interior branch, (ii) exterior branch. The BdG Hamiltonians for the interior and exterior branches of the SOCSW in the case of strong SOC can be written as [8] -
where i, e denote the interior and exterior branches respectively.
Wavefunctions-The wavefunction in the normal metal regions I and II for spin up electron incident with energy E are already mentioned in Eqs. 3, 4. The wavefunction in the SOCSW is sum of solutions for exterior as well as an interior branch (Eq. 12) and in the topological regime can be written as [8] -
where the first two terms on the right-hand side denote contributions from the interior branches, while the other two terms give contributions from the exterior branches. t (i) (1, 2) and t (e) (1, 2) are the transmission amplitudes into SOCSW. In Eq. 13, for E ≥ |∆ λ |, u
where λ = ±, 0, and ∆ ± = ∆ 0 ± B Z . The wave vectors in Eq. 13 are
for the interior branch, and k 
Similarly, if we consider a spin down electron incident from normal metal (region I), we can easily calculate the different reflection probabilities as:
We do not repeat them here but in analogy to spin up case the wavefunctions can be easily written and solved for the afore mentioned boundary conditions. Differential charge conductance: Using the well established definitions as in Refs. [16, 17] , we calculate the net differential charge conductance as-
with, G 0 = e 2 /h and G ↑ c -the differential charge conductance when spin up electron is incident from region I, while G ↓ c -the differential charge conductance when spin down electron is incident from region I.
Results & Analysis:
In Table II , we compare the zerobias conductance of a NM-spin flipper-NM-I-SOCSW junction and NM-spin flipper-NM-I-pSc junction for both transparent (Z = 0) and tunnel (Z = 3) regimes. For spin flip case, F = 0 as S = m , see Eqs. (7-10), implying there is finite possibility for spin-flipper to flip its own spin while interacting with an electron. On the other hand, for no flip case, F = 0 as S = m . We take two different values of spin orbit coupling strength β (β = 1 and β = 2) for SOCSW in second and third column of Table II. We also take two different values of µ pSc = 0.01, 0.001, for pSc in fourth and fifth column of Table II . For no flip (F = 0) case we see that the normalized zero bias conductance G c /G 0 is quantized at 2 for NM-spin flipper-NM-I-SOCSW junction, while for NMspin flipper-NM-I-pSc junction it is quantized at 4 regardless of other parameters like S, m , J, Z, β, µ pSc , etc. The reason for this is that the Andreev and normal reflection probabilities exactly cancel at zero bias in Eq. 14 for NM-spin flipper-NM-I-SOCSW junction while for NMspin flipper-NM-I-pSc junction there is perfect Andreev reflection (i.e., normal reflection probabilities vanish) at zero bias and thus from Eq. 14, G c /G 0 is quantized at 4. In Table II, (Z = 0) while two non-zero values (F = 1, 3) for tunnel junction (Z = 3), since the case of F = √ 3 is plotted in Fig. 3 . We notice that for NM-spin flipper-NM-I-SOCSW junction, G c /G 0 is no longer quantized and depends on the parameters S, m , J, Z, β, etc. However, this is not the case for NM-spin flipper-NM-I-pSc junction, wherein G c /G 0 is robustly quantized and is independent of spin flip scattering. For no flip(F = 0) case G c /G 0 is robustly quantized in the topological regime for both cases, see Table II.   TABLE II: Comparison of differential charge conductance at zero bias (E = 0) in the topological regime between NM-spin flipper-NM-I-SOCSW and NM-spin flipper-NM-I-p-wave junction
